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Water Bureau, Field Operations Division
jankowskib@michigan.gov
231-775-3960 ext. 6268

l. Goal and objectives

e Gain familiarity with basic wastewater treatment unit processes

e Highlight some common advantages, and/or disadvantages of each unit process

e Recognize the need to use qualified professionals in selection, design and operation of
treatment processes

e Recognize need for properly trained and certified operators

. Wastewater Definition

May be defined differently in various laws and rules, check definition in the specific laws/rules
applicable to your industry and circumstances, contact DEQ’s Environmental Science and
Services Division (ESSD) or local DEQ office for assistance

Definition in DEQ’s Michigan Manufacturer's Guide, Chapter 3, Wastewater:
“Wastewater” is liquid waste that results from industrial and commercial processes and
municipal operations, including liquid or water-carried process waste, cooling and
condensing waters, and sanitary sewage. “Waste” means any waste, wastewater, waste
effluent, or pollutant, including any of the following: dredged spoil, solid waste, incinerator
residue, sewage, garbage, sewage sludge, munitions, chemical wastes, biological
materials, radioactive materials, heat, wrecked or discarded equipment, rock, sand, cellar
dirt, industrial, municipal, and agricultural waste.

Wastewater includes storm water that comes into contact with industrial activities or
material, or which runs off a construction site that disturbs an acre or more.

Il Waste Characterization
¢ Important to know what is in the waste water, what needs to be removed, and to what extent
e Characterize waste, identify pollutant parameters

e Examples:

¢ Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD)
e Solids, suspended or dissolved

e Oils/Grease

e Temperature

e Phosphorous & Nitrogen Compounds

e pH

e Metals

e Other chemical elements, compounds, additives...

o Definitions “Organics”
e Organic compound: large class of chemical compounds whose molecules contain carbon
e Organic matter: plant and animal, “organisms”

e Metals
e lron, Lead, Mercury, Chromium, Copper etc...

e Other chemical elements, compounds, additives, and substances
e Arsenic, Chlorine compounds/chlorides, sulfur compounds, sodium, cyanide
e (BTEX) benzene, toluene, ethylbenzene, and xylene and other volatile organic compounds
e Chlorinated solvents, Perchloroethylene, trichloroethylene and methylene chloride
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V. Wastewater Treatment

Physical Chemical Biological
Basic Process Categories:

Some processes may consist of s\ @
more than one type;
combination of Physical, T

Chemical and/or Biological

V. “Rearrangement & Residuals”

e The processes discussed in this presentation do not destroy matter, due to basic principles of
physics. The pollutant is physically separated, and/or chemically rearranged to (or exchanged
for) other chemical elements or compounds that generally are less harmful to the receiving
water than the original element or compound

e Most all of the following processes result in a “residual”, a solid substance, commonly known as
“sludge” consisting of the target pollutant(s) or containing the target pollutant(s).

e The sludge or solids must often receive additional treatment and ultimate disposal. These
processes are not covered in this presentation

VI. Physical Processes -- Clarification/Settling

Clarification/Settling
“theory”

Forces on a falling particle

Gravity STOKES' LAW,
particle settling is
dependent on:

= gravity

+ density of particle

Clarification/Settling
“sedimentation”

Drag Drag

Ly &3 Buoyancy
Circular settling Rectangular settling » density of fluid

tank tank - fluid viscosity
Commonly referred to as “clarifiers”

Primary Design Parameters:
o Surface Overflow Rate: gallons per day per square foot
e Solids Loading Rate: pounds per day per square foot

Circular “upflow” clarlfler « Rectangular horizontal flow clarifier
Settling 5 3 ATEE
velocity Suspended .
Vs. solids settle 'W@EJ
downward Suspended solids settlee 7>
Overflow ° downward = !
velocity Water flow

'-Ji'.-. oot e Potied

Also a matter of
Settled settling velocity

particles Sludge removal versus
overflow velocity

is up

Incoming Wastewater
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Clarification/Settling

l » Three types of sedimentation

+ Settling can be enhanced by
addition of certain chemicals
(coagulants) and by addition of
ballast

+ Baffles, typical
L

+ Inclined plates option

e Notable issues/concerns
o Will only address “setteable” solids
o Impaired settling “bulking sludge”

Clarifier designs
section of circular type ,

Liquid effluent
outlet

Scrapers R

N

= _ Liquid inlet

o, S

e

"

Circular type Rectangular type

Physical Processes -- Air flotation, Dissolved Air Flotation (DAF)

e A process of removing suspended solids, oils and other
contaminants via the use of air bubble flotation.

e The dissolved air comes out of solution, producing
millions of microscopic bubbles which attach to the

solids, increase their buoyancy, and float them to the

surface.

e At the surface the solids are mechanically skimmed and
removed from the tank.

Dissolved Air Flotation (DAF)

Influent

b (252

Chemical

addition - FLOTATION TANK

|

Effluent
. £ —

CHEMICAL
MIX TANK

\I,- l water

AIR

AIR
TANK

Recycle
pump

DAF Example, with recycle

Air/solids ratio

DAF tank -
Skim off surface solids

Wastewate

oo
Pressure | “settled
tank SLUDGE”

Primary design parameters:

Solids and hydraulic loading rates

Coagulant dosage

e Typically requires use of certain chemical
flocculating aids or coagulants and mixing
ahead of DAF unit

Typical applications in industry: refineries,
paper products, food processing, chemical-
petrochemical and natural gas processing

plants

Benefits: Can remove lighter particles faster, provide better treated-water quality, more rapid startup,
and thicker sludges than standard clarifier type settling or sedimentation.

Issues/concerns: Significant mechanical equipment involved, more complex, more maintenance, and
high-energy consumption compared to standard clarifier type settling or sedimentation.

2008 MICHIGAN ENVIRONMENTAL COMPLIANCE CONFERENCE



WASTEWATER TREATMENT TECHNOLOGY Page 4 of 18
VIII. Physical Processes -- Filtration (including activated carbon, membrane
filters/bioreactors and reverse osmosis)
Filtration Logosoci)?lle ,in m(;tflrons o 1,000
porous medium separates solids from liquid - =
: 0.0
Larger particles HYPER L
— .?¢ T retained on FILTR. FILl"‘:'LR-;R'I"?ON
i RIO)
upstream side of ( YT RO
FILTR. FILTRATION
. Atomic Virus Bacteria Pollen Beach
radius sand

FILTER
MEDIA

Filter Media

e “Screens”
Sand
Diamataceous earth
Granular/multi-media
Activated carbon
Membrane
Fabric

Filter types, defined by force driving fluid through
the filter

e Gravity
e Pressure
e Centrifugal force
¢ Vacuum
Filter rates

e Rapid infiltration
e Slow infiltration

Moving or fluidized bed filters (another type)

+ Filter Media Anthracite Coal,
—“Sand” or Intermediate Sand,
— Granular/multi- | High Density Sand,
media High Density Support Gravel

Silica Sand or Gravel

Garnet
/ “Others”

Size of particle removed dependent on “pore” size
of media typically expressed micrometers (symbol
pm) or one thousandth of a millimeter. It is also
commonly known as a micron

Could be called

“macro” filtration, it

is used for removal
- of larger items,
rags, garbage, and
debris (etc)

2

Filters: “Screens” or
“bar racks”

fine through coarse
screening options available

Filtration, rapid-gravity type

Accumulated
solids

Filter
media

Under drains

Backwash
valve,
closed
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Filtration Issues and Concerns

Influent water characteristics to the filters are critical
Filters are subject to routine plugging and biofouling
Filters require frequent cleaning, most often accomplished through “backwashing”
o Filters backwash with “clean” water to re-suspend the sediment.
o Cleaning/operation are most often mechanized and are typically very dependent on
automated and/or computer controls.
0 Secondary cleaning methods often employed such as chemicals or air scour
Periodic replacement of filter media needed

Pressure type “Fabric” type “Fabric” type

Filter disks shown when tank is
empty or out of service

Gravity flow through
submerged cloth filter disk

Filter media in
pressure vessel

GAC particle
and magnified
GAC surface

Filter Media -- Activated carbon, Granular Activated Carbon (GAC)

e Adsorption: Through a type of attractive force between molecules, activated
carbon has a natural affinity for certain high molecular weight organic
pollutants (and some other types), which bind to its surface.

e GAC also acts as filter media but with enhanced “attraction” to certain

substances
IX. Filtration -- Membrane biological reactors (MBR ; :
¢ (MBR) Filtration
e MBRs combines biological treatment with a membrane Membrane biological reactors (MBR)

r _¥E_E

liquid-solid separation process.

il '<:|Ho|low tube

. . . . . type, cassette
e Low pressure microfiltration or ultra filtration through

synthetic membranes that are typically immersed in an
aeration tank
| Flat plate &
e Benefits: i type, cassettel—>
o Eliminates need for clarification & tertiary
filtration

0 Comparably small land area, has small “footprint”
e |ssues/concerns

0 Higher building and operating cost than conventional wastewater treatment
0 Highly dependent on computer control technology
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X. Filtration: Reverse Osmosis (RO)

Page 6 of 18

e RO is afilter separation process using pressure to force a solution through a semi-permeable
membrane; the solute remains on one side and the pure solvent passes to the other side of the

membrane.

e RO process requires that high pressure be exerted on the membrane

e Process is best known for removing salt from water

Reverse Osmosis
“detail”
R/O tube detail: 9
Perforated  Brine Sgal FEE N
central tube {5,6\_,\)—“0
Permeate. — % ==
A ’m]j e ~>Membrane
g
concentrate
\\/‘
Feed channel spacer
R/O “sorts” at the molecular level

XI. Physical Processes -- Centrifugation

Benefits
e Removes a wide range of pollutants,
significantly reduces nitrate, sulfate, sodium
and total dissolved solids, most other
inorganic material present in the water, and
some organic compounds

Issues/concerns

e Pretreatment: The feed water usually needs
to be pretreated to remove particulates,
influent turbidity

e Scaling, fouling, and degradation of
membranes

o Ineffective in removing the lighter, low
molecular weight volatile organics such as
THM's, TCE, vinyl chloride, carbon
tetrachloride.

e Disposal of reject water

e Used in industry for separating liquids of different size, shape, density, viscosity density, for
thickening slurries or removing solids; also used to dewater wastewater sludges.

o Centrifuges utilize the separation resulting from a high speed circular G-force. The machines
spin in order to separate materials from one another as denser materials separate from those

less dense.

e Centrifuges have been used to replace sedimentation as a means of performing many tasks,
such as: Clarification, Dewatering, Extraction, Recovery, Recycling, and Separation

Centrifuge types
Nozzle disk type

v

+ Operating schemes
« Batch operation
+ Continuous operation

7/

Solid bowl type

Basket type

Screw conve

ibl’
WYYV VI Romating

Centrifugation

+ Centrifugation sample
system

Chemical feed

Recirc. tank

()
. Centrifuge
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Centrifugation:
Often need to precondition the influent to the centrifuge, and a support or upstream process is required,
such as chemical addition/mixing etc.

Advantages:
e The typical sedimentation process is slow and fine particles will remain suspended in the liquid.
e Compact, small size

Disadvantages
e Centrifuges require lots of energy and substantial maintenance
e Abrasive wear

XIl. Physical Processes -- Oil/Water Separation Oillwater separators
{ | P H »
e A gravity separation device simplified example
e Oil droplets rise based on their density g Sl :
and size.

e Design is based on the difference in
specific gravity between the oil and water.

e Standardized criteria by the American
Petroleum Institute (API)

e Above and below ground types

Settleable solids e Rectangular or circular types

Oil/water separators —_— -
Common Limitations: Both emulsified and

additional features dissolved oils cannot be removed in physical
oil/water separators.

PLATE
BAFFLE ) i , .
i quLESCES Y e Emulsions are fine oil droplets which
INLEFIT, + Lo 2 cannot be separated from water physically
~ F I —— because of other chemicals in the water,
gl such as soap.
BAFFLE — L
4 ol . .

Sludge _ SCREEN—V_ EFFLUENT Relatively simple to operate but the effluent water
hopper

pp COALESCER TR:{;:;ER must often be sent on for further treatment, such

as a dissolved air flotation unit, for removal of any
residual oil, and then to a biological treatment unit
for removal of dissolved compounds.

“COALESCERS” often added to
enhance separation

Maintenance! Solids and oils must be removed and properly disposed. Clean out must be frequent
enough to prevent baffles from being overcome.

XIII. Physical Processes -- Cooling

Refineries, steel mills, petrochemical industries, power plants and paper mills all typically generate heat
in their processes and often need cooling water systems. The cooling water itself gets hot

Normally reuse or recycle this water, but if a discharge to natural waters or a public sewer system is
needed then cooling will likely be required first.

Cooling water systems
¢ Non-evaporative or evaporative
¢ Non-evaporative systems include once-through cooling and closed loop systems

Non Contact Cooling Water is water used for cooling which does not come into direct contact with any
raw material, product, byproduct, or waste.
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Contact Cooling Water does come into direct contact with materials, products and/or waste.

Evaporative cooling systems include
e cooling towers
e evaporative condensers
e spray ponds
e cooling ponds

Reduce temperature of waste water through simple thermodynamic process, transferring heat from the
wastewater to another fluid or to the atmosphere.

Issues/Considerations
e Ponds

Cooling towers
o0 Large land area required

mechanical .Z_E_l_ - o Algae/bacteria growth
induced draft [ e o Liners
types Fil e Towers

kj I \/) - o Power and maintenance

[P R LR R

Counter flow Counter flow withf{

% * z ﬁ Hol watsr

3 Y distribution
[t )
e O
Faty Hirvtberkt~  LOUNEBIS

requirements

0 Makeup water contains minerals,
solids, debris, bacteria and other
impurities resulting in scale,
corrosion, and fouling

o0 Water additives may be needed
to address scale, corrosion, and
fouling which may complicate
suitability for discharge;
additives require special
approval from DEQ

Sump——* A Bump

Coid water Cold watsr

Double flow crossover single flow crossover

XIV.  Chemical Processes -- Air Stripping

Air stripper

Air stripping is the transfer of volatile components of a

o . Gas & air collection
liquid into an air stream. R lor aahat Water
Volatile compounds with certain properties can be l_
economically stripped from water.
¢ Includes BTEX compounds and certain solvents I Packing
e Ammonia also, typically with pH and temperature | ma‘e"a'l_,ql
adjustment to waste stream Wantewate :

Air strippers are usually towers
e “Packed” or “tray” towers of packing media Treated water.

Air Stripping -- Packed towers
e Engineered or random plastic packings used
e Design criteria for packed towers
0 surface area provided by the packing
0 column height and diameter
o0 air to water flow rates

Air Stripping -- Low profile units, typically use “trays”
Benefits

e Air strippers are simple and generally easy to construct,
operate, and maintain.
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Issues/concerns
¢ Noise, can be very loud

e Air stripping cannot remove metals,
PCBs, or other chemicals that do not

air
o If stripping results in elements
or compounds that are air
pollutants, then the air exiting
the stripper will require
emissions control and permits
e Subiject to fouling with deposits of

Typical plastic
evaporate. media for
e Air stripping transfers pollutants to the |Packed tower

minerals, solids, biological films

XV. Chemical Processes -- Precipitation

Chemical precipitation: for removal of metals, other inorganic, suspended solids, fats, oils, greases, and

some other organic substances from wastewater.

Dissolved or suspended contaminants in a solution settle out of the solution as a solid “precipitate”.

Precipitate is then separated from the liquid by clarifiers, filters or centrifuging etc.

Assisted through the use of a coagulants and polymers

Coagulants cause smaller particles suspended in solution to gather into larger aggregates

Polymers contain electrically charged molecules which allow the polymers to act as connecters
between particles suspended in solution, or to neutralize particles in solution

Common Uses

e Water softening

e Heavy metal removal from metal
plating wastes

e Qil and grease removal from
emulsified solutions

e Phosphate removal from wash-
waters and other wastewater

Common Chemicals Used
Lime (Calcium Oxide) -- CaO
Ferrous Sulfate — Fe(SO4)3
Alum— Al(SO4)s-14H,0
Ferric Chloride — FeCl,
Sodium Hydroxide Na(OH)
Sodium sulfide Na,S
Sodium carbonate Na,COs,
Acids, Sulfuric H,SO4 and phosphoric HsPO,
Polymers, synthetic

Because the hydroxides of most metals are insoluble, often use chemical precipitation to convert them

to an insoluble hydroxide

Example reaction mechanism for a divalent metal:

M** + 2NaOH —»|M(OH)

Precipitates

Note: Metal precipitation,

++ solubility is dependent on

+ 2 N a pH -- need to optimize pH
for each metal

For some metals use sulfide
precipitation instead
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Benefits:
. WeIITestabI_ished technology, Chemical Precipitation,
readily available
e Some treatment chemicals are typical design
very inexpensive. al _ Y
e Some systems can be self- 3 Chemical
operating with low maintenance prempltatlon tank
Issues/Concerns: \\\ MIXER i Treatment
e Competing reactions, pH, \ ] gumsen’ & chemical
alkalinity, temperature, mixing 1 e
effects, and other factors can INELUEN] : e
make precipitation delicate and = '
frustrating @GD‘{& controller
e Some chemicals are hazardous '
and corrosive, increasing operator M—
safety concerns. EFFLUENT to
e Large amounts of chemicals may CLARIFIER

be needed to be transported to
the treatment location.
e Some polymers can be expensive.

XVI.  Chemical Processes -- lon Exchange

A common process employed to remove heavy metals from relatively low—concentration waste streams
e Anionis an atom or molecule which has lost or gained one or more valance electrons, making
it positively or negatively charged

The wastewater is passed through a bed of resin containing bound groups of ionic charge on its
surface, which are exchanged for ions of the same charge in the wastewater.
e Resins are classified by type, either cationic or anionic, choice depends upon the contaminant
to be removed.
e Resins: typically based on cross linked polystyrene

Example application: lon exchange resins are used to remove copper or lead ions
from solution, replacing them with less offensive ions, such as sodium and potassium.

Process: The lon Exchange Process involves 4 steps:

1. Treatment: apply wastewater to the resin bed

2. Backwash: clean bed once removal capacity is expended, also known as “break through”

3. Regeneration: apply a chemical solution to the resin bed which re-establishes the original ion
and concentrations

4. Rinse: removes excess regeneration solution

lon Exchange Example lon Exchange

Sodium (Na) is initially attached to resin Regent_arant
Wastewater Solution
Ca++ fens Distributor
7’ a++ I -

C N Process steps
\\ RESIN » Treatment
Wi N « Backwash
negatlve charge _@a-i-/" S R RESIN

. @ Ca++* Na+ ‘ s
Ca++ !‘Exfhang% prc;c_;ess ; Used Treated
( g releases” sodium an regenerant effluent

e ‘catches” the calcium (Ca)
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Benefits:
[ ]

Issues/Concerns:
[ ]

polymers

Wash water disposal

XVILI.

Eliminate either high or low pH values
e to meet discharge limits

[ ]
treatment processes where pH
adjustment is needed to optimize

treatment efficiencies.

Basic Process

Add acids, such as sulfuric or
hydrochloric acid, to reduce pH
Add alkalies, such as sodium
hydroxides, to raise pH values

or prior to biological or other chemical

Typically performed in a holding tank,
rapid mix tank, or an equalization tank

Metal contaminants can be recovered and reused.
Selective, may be designed to remove certain metals only

Resins may be fouled by some organic substances, oils, &

Chemical Processes -- Chemical Neutralization

Page 11 of 18

Sample resin beads

Y 4 *Hw
. N !
3

Bead material has a structure
of pores on the surface which
accommodate easily trapped
and released ions

B [
INFLUEN] K -

Chemical Neutralization

Chemical
Neutralization Tank

ACIDjt"

P =

FJCAUSTIC

pH monitor
& control

Neutralized

[ > effluent

wastewater

Control pH to between 6.5 and 9 in order to meet typical discharge limitations.

Benefits:

¢ Relatively simple

Issues/Concerns:
Typically involves handling
hazardous chemicals.

Typical chemicals

ACIDS

Sulfuric Acid (H,S0Oy)
Carbonic Acid (H,CO3)
Hydrochloric Acid (HCI)
Phosphoric Acid (H;PO,)
Nitric Acid (HNO3)

BASES

Caustic (NaOH)

Calcium Hydroxide (CaOH,)

Calcium Carbonate
(CaCOy)-Lime

Ammonium Hydroxide
(NH,OH)

XVIIL.

Chemical Processes -- Oxidation/Reduction

Oxidation: The loss of electrons by a molecule, atom or ion
Reduction: The gain of electrons by a molecule, atom or ion

Can remove ammonia, cyanide, residual organics, chromium etc.

Achieved by chemical addition such as chlorine, permanganate, hydrogen peroxide, & ozone
Often precedes another process which completes removal
Can have secondary benefit of disinfection in some cases
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Example: Cyanides & Chromium; common in the

electroplating industry

e For wastewater containing cyanide, an alkaline

chlorination process is sometimes used to
oxidize cyanides to carbon dioxide (or
carbonate) and nitrogen. This occurs prior to
metals removal.

e For wastewater containing hexavalent chromium

the chemical reduction process involves adding
sulfur dioxide, sodium bisulfite or ferrous sulfate
to the wastewater and an acid to lower the pH to

3.0 or less. This process converts hexavalent

chromium to trivalent chromium which can then

be treated similar to other metals.

STAGE 2

Cyanide destruction by alkaline chlorination
STAGE 1
NaOCI + CN- =p NaCNO + CI-

2NaCNO + 3NaOCl + H,O=p 2NaHCO, + N, + 3NaCl

Caustic added in first stage to increase pH, acid added in
second stage to decrease pH

pH controls must have fail-safe design, as pH levels below
certain values can produce very toxic hydrogen cyanide or
cyanogen chloride under certain conditions in each stage

Cyanide destruction

CAUSTIC to ACID to
pH 10 - 11 pH8.5
chlorlne
chlorlne

Effluent to

Cyanldes Cyanates metals
treatment
STAGE 1 STAGE 2 gettling or

MIX TANK MIXTANK  fijters...

Control loops (not shown) provided for monitoring &
feedback of pH & often for oxidation reduction potential

chromium reduction

SULFER DIOXIDE ACID, to pH 3

vy
i ——e- Effluent to
HEXAVALENT TRIVALENT _rlpetatls y
CHROMIUM CHROMIUM reatment...
MIX TANK

380,+2H,Cr0,+3H,0  Cr, (SO,); + 5H,0

Issues/Concerns:

¢ Interference from other chemicals in the wastewater

Dependent on pH and often on catalyst

[ ]

e Often needs prolonged detention time 30 minutes - 2 hours

e Transport and handling of hazardous chemicals often required, strong oxidizers have certain
dangerous properties and strong acids/caustics are required for certain processes.

XIX. Chemical Processes -- Disinfection

Reduce or eliminate the
number of microorganisms
in the water to be
discharged back into the
environment.

Common methods:

H,{]USEHHLB

. hlori
- Ctraviokt light BLEACHING|
e Ozone 5

SOLUTION

Chlorination: gas or liquid SODILM
chemical storage & feed, l gfPOCHLORITE
mixing, and a tank/chamber
for contact & detention.

Log Inactivation

UV Dose Response for
Protozoa, Bacteria, Viruses

Diatomic
OXYQen

|
A
n’lll
,n"' || = Cryptosporidium
. —— Giardia
I — E.coli
f) Rotavirus
i
a 10 20 30 40

UV Dose (mJicm?)

Ultraviolet (UV) light: pass the water near lamps in channel or pipe

Ozone (O3): generated on site by passing oxygen O, through a high voltage, O; gas fed to a

detention/contact basin.
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Benefits:

Chlorine has a residual, a positive if need to minimize microbial growth in a downstream
pipeline etc.

UV uses no chemicals

Ozone, can add dissolved oxygen to effluent as a positive, secondary effect

Issues/Concerns:

XX.

All of the noted disinfection types have safety issues
Chlorination
o0 Chlorination of residual organic material can generate some harmful, carcinogenic by-
products.
0 Chemical dechlorination required for discharge to environment.
UV disinfection
o Frequent lamp maintenance and replacement needs
0 Needs highly treated effluent so target organisms are not shielded from the
(UV)radiation
Ozone disinfection
0 High cost of the ozone generation equipment and requires highly skilled operators
0 The off-gases, if any, from the contact chamber must be treated to destroy any
remaining ozone before release to the atmosphere.

Biological Processes — Common Concepts & Lagoons/Stabilization Ponds

Common Background & Definitions

Applies to industrial waste waters containing organic pollutants that are subject to biological
degradation

Some oils can also be treated biologically

Biological treatment systems use microbes to consume organics
Aerobic microbes require oxygen (O, ) to grow

Anaerobic microbes will grow only in the absence of O,.
Facultative microbes can grow with or without O,

Aeration is the process by which air (or oxygen) is added to, dissolved in, circulated and/or
mixed in wastewater.

Microorganisms: commonly referred to as “bugs”

The organisms see organic

compounds and matter as
food/energy and degrade or break
down these materials in metabolic
processes. Products include carbon
dioxide and water and other “smaller”
compounds

The “bugs" generally need oxygen but
anaerobic organisms do this without
the presence of oxygen. Some use
nitrate, sulfate, iron, manganese, and
carbon dioxide as their electron
acceptors, and break down organic
chemicals into smaller compounds,
often producing carbon dioxide and
methane as the final products.

Lagoons/Stabilization Ponds

Uses wind for surface
mixing and aeration
and sun for energy to
the algae

Facultative type .

/‘§\/Q7
S o
b N

Activity of bacteria and
algae present in
wastewater consume
organics and modify
chemical byproducts

Anaerobic zone
(bottom sludge)

Aerobic zone

Facultative
zZone
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Even though lagoons are generally
considered to be simple treatment systems,
the biology and biochemistry involved are very
complex, involving many forms of biological
reactions.

Different types of lagoons can be combined
into multiple-stage lagoons to achieve the best
treatment

Operated at ambient temperature, only
function well only in mild or warm climates.

ENT TECHNOLOGY Page 14 of 18

Lagoons/Stabilization'Ponds

Aerobic type, mechanically aerated:

Add air tol
increase =
biological
activity, &
extend the
aerobic zone

Surface
aerator

o

CRGANICS &
Z NUTRIENTS

Bacteria + O, = BOD reduction & nitrogenous
compound conversion (sometimes, nitrification
bacteria may be present.and perform nitrogen
oxidization). Organic carbon is oxidized & sulfur
compounds are converted also

Anaerobic type: Anaerobic microorganisms in the absen

dissolved oxygen convert organic materials into stable products

such as carbon dioxide & methane. 2 phase process:
\ - * 4:“\/
)\, ORGANICS & \_» ACID FORMER | 3
NUTRIENTS ‘J CH,, NH,,
ACIDS, ALCOHOLS, H.S. co,

<~ALDEHYDES /
METHANE FORMERS

SLUDGE -

(1) Acid phase: bacteria convert complex organic
compounds to simple organic compounds. Little oxygen
demand reduction occurs in this phase. (2) The methane-
production phase: bacteria perform acid conversion and
methane formation

ce of

Issues and Concerns (common to all lagoon
types)

Removal of settled sludge's & grit

Sludge reduction limited in cold
climates

Emergent vegetation, insects &
burrowing animals

Need for composite liners,
(expensive)

Facultative type lagoons

Benefits:

Fairly effective in removing
settleable solids, BOD, pathogens,
fecal coliform & ammonia.

Easy to operate & requires little
energy

Issues/Concerns:

Effluent ammonia difficult to manage
Need large areas of land.

Strong odors occur during seasonal
turnovers.

Often limited to seasonal discharge

Aerobic type lagoons

Benefits:
Can require less land than facultative
ponds

Continuous discharge

Sludge & grit removal can be less
than facultative

Issues/Concerns:

Some aerated ponds are not as effective
as facultative ponds in treating ammonia or
phosphorous, (unless designed for
nitrification)

Surface ice formation

Requires energy input
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Anaerobic type lagoons

Benefits: Issues/Concerns:
e Effective & rapid stabilization of e Longer detention time needed (slow growth
strong organic wastes, higher rate of the methane formers)

influent organic loading possible
e Undesirable odors

e Produce less sludge, reduced sludge
removal & disposal costs.

e Little energy needed

e Less costly to operate than other
lagoon types

XXI.  Biological Processes -- Conventional Biological Treatment

Two categories:
e Suspended Growth
e Attached Growth

< - Conventional biological treatment
uspended growth process variations :
e Activated sludge two categories

e Oxidation ditches
«  Sequencing Batch Reactors Suspended growth Attached growth

(SBRs) Microbes mixed and Microbes attached to
These processes speed up the work suspended in A a media immersed in
of aerobic bacteria and other wastewater "’ = wastewater or
organisms by providing a highly : AR wastewater poured /
aero_bm environment to increase their Enlarged “microbe over media
efficiency
Removes or break down bio- @ O
degradable organic material & . 08 OOCQC)%
converts organic nitrogen-compounds @) cO O

® ©

Air is pumped in the water or the © O

water is agitated to provide oxygen to
the suspended microbial growth

Benefits:

e Treatment units are relatively small, requiring
less space than attached growth processes.

Activated sludge (typical)

Aarationianic e Good process control features and options.

Clarifier

e Process is generally free of odors.

e Process flexibility, has many options.

Return sludge Waste | |ssyes/Concerns:
sludge

e Can be costly to operate compared to attached
By controlling such things as sludge recycle vs. growth types, high energy use to run the
waste, organisms’ residence time, sludge density, aeration system

can influence process & performance

e Process can be impacted by elevated levels of

toxic compounds in the wastewater
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XXII.  Biological Processes -- Attached Growth
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Attached growth variations:
e Trickling filters or towers
e Rotating Biological Contactors (RBC)

Microbial growth occurs on the surface of
stone or plastic media, a “film” of microbes

Wastewater passes over the media along with air to provide oxygen or the
media is rotated into and then out of the wastewater to provide oxygen.

Attached growth: Trickling filter or tower

waste-water passes
over media of rock,
plastic spheres or

~ blocks, or interlocking
sheets of corrugated
plastic

Influent ol

Recycle options .'

EFFLUENT

| Rotating
distributor

Attached Growth: RBC

Benefits:
Short contact periods & retention time
Withstands hydraulic & organic shock loads &
fluctuations
e Biomass settles well
e Low operating costs & power requirements
e Easily nitrify

Attached growth: RBC
conventional process

FILTER

Attached Growth: Trickling filter or tower

Benefits:

e Can be effective in treating high
concentrations of organics

¢ Rapidly reduce soluble BOD

o Efficient nitrification

e Durable with low power requirements

Issues/Concerns:

e Additional treatment often needed

e Accumulation of excess biomass can
impair performance

e Clogging

e Flexibility and control are limited in
comparison with activated-sludge
processes

Attached growth: RBC

: = s— Air is
Rotating Biological Contactor: provided by
A rotation of
disk out of the
G) water

Wastewater

Attached Growth: RBC

RBC units must be indoors or covered in northern
climates to protect against freezing

RBC UNITS
——
PRMARY |y *-ﬁ SECONDARY
TREATMENT g _ CLARIFIER Issues/Concerns:
* el (20 =W >0 =) e . .
RAW
WAS

~-
SOLDS DISPOSAL

“conventional” version - no recycle

e Shaft bearings and mechanical drive units require
frequent maintenance.
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Biological Processes -- Common Issues and Concerns

e In certain waste stream supplemental nutrients or carbon may be needed in order for the
process to work properly if the waste is deficient in carbon or nutrients.

¢ Inconsistent waste type and loading can reduce effectiveness (of some types more than others)

e Toxics can kill biomass

XXIIl.  Biological Processes -- Anaerobic Digestion

Anaerobic Digestion Anaerobic Digestion
used for stabilizing sludge's and industrial wastes Two Stage “High Rate” Version

Gas removal and use

Gas

- Supernatant

INLETS

- Digesting sludge Anaerobic
bacteria produce
Digested sludge methane and

carbon dioxide
reducing high

strength organic ADD HEAT & MIX STRATIFY
waste

Benefits:
e Low energy required compared to aerobic versions
e Less biological sludge produced
e Smaller reactor volume required
e End product can be saleable products such as biogas (methane production), soil conditioner
and a fertilizer

e Process can effectively reduce pathogens
e Anaerobic digestion is suitable for high-strength industrial wastes

Issues/Concerns:
e Longer start-up time to develop necessary biomass inventory
e May require further treatment with an aerobic treatment process
e Reaction rates sensitive to lower temperatures, heating achieve adequate reaction rates
e Increased potential for production of odors and hazardous and corrosive gases

XXIV. Biological Processes -- Constructed Wetlands

e Man made wetlands only
e Lengthy contact time, 30 days +
e Organic waste naturally attenuate and degrade, metals are adsorbed by plant root systems
e Best suited as “polishing” process
Issues/Concerns:

e Climate constraints
e Often fail to meet performance criteria
e Harvest and disposal of vegetation
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XXV. Considerations
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Likely need more than one process typically a “Treatment train” of processes

Selection of technologies:

e Use a qualified consultant

o Use DEQ staff (will not design or select
systems but can offer feedback based on
experience)

e Consider capital and operation costs

e Consider complexity of testing and reporting
requirements

e Consider complexity of operation, operator
qualifications

e Operator training and training requirements

XXVI. Additional Resources

e Industrial/Commercial Wastewater Treatment
Plant Operator Certification

www.michigan.gov/operatortraining

Likely need more than one process typically a

“Treatment train” ...process examples

‘ Softener |4"+ W'.-E_:,j
[ __ro |

Sl rouniz 4 ]
[]
W L.

[l CLARIFIER ::>
EQ| rll T _1
1 Neut. Precip. Coag. Floc.

SLUDGE HOLDING & FILTER PRESS

Ha,
Hm.

Certification is offered in a variety of classifications, each relating to a unit process

e The Michigan Fruit and Vegetable Processor's Guide to Environmental Regulations,
Chapter 3, Wastewater contains a detailed discussion of Wastewater Treatment Technology
intended for use by Fruit and Vegetable companies engaged in selection of treatment
technologies. It would likely be useful for sectors that manage wastewater with similar
pollutants and can be found online at: www.michigan.gov/deq, select “Key Topics,” then

“Environmental Assistance,” within the page select the guide found under the category “Sector

Guides.”

This document was produced by Water Bureau and Environmental Sciences and Services
Division; information is generalized and intended for broad guidance only. Document not
intended to be used for any design, installation, construction and operation. Reliance on
information from this document is not usable as a defense in any enforcement action or litigation
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